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SUBJECT: Ammunition Container Criteria

1. PROBLEM. To determine the transportability characteristics contailners
should have for safe and economical transportation of ammunition.
2. ASSUMPTIONS. Current types of export ammunition shipments are
representative of those to be expected in the foreseeable future.
3. FACTS BEARING ON THE PROBLEM.
a. Ammunition is a comparatively heavy commodity with a wide range
of densities.
b. Ammunition is palletized, skidded, or boxed in irregular, non-
uniform configurations.
c. Ammunition contains explosive materials that require special
handling.
4. DISCUSSION. See ANNEX A.
5. CONCLUSIONS. A Department of Defense (DOD) ammunition container
should meet the following criteria:
a. A rugged 8-foot by 8-foot by 20-foot demountable van that can be
transported intermodally (pages 31-32, 58, 73).
b. Minimum internal volume of 990 cubic feet with minimum door
widths and heights of 90 inches and 85 inches respectively

(pages 14, 73).



Gross loaded maximum weight of 44,800 pounds with a tare weight
not to exceed 6,400 pounds including the internal restraint
system (pages 14, 57, 73).

Capable of coupling together in units of two to form a 40-foot
unit (page 73).

Compatible with the MILVAN chassis (MIL-S$-62076) for over-the-
road movement (page 73).

End loading and side loading on both sides (pages 68, 73-74).

United States of America Standards Institute (USASI) MH-5.1
corner fittings on all corners (page 58).

Structured in steel, aluminum, fiberglass reinforced plywood or
reinforced plastic (page 73).

Sufficient structural strength to withstand the static and
dynamic loads, and the impact shock and racking stresses
indicated in paragraph 5, Annex A. Capable of withstanding
the weight of five like containers, loaded to gross weight
capacity, in a stacked configuration (pages 32-45, 73).

Ventilated, weatherproof, and corrosion resistant (pages 52-57).

Internal mechanical load restraint system (pages 46-52).

Door locking device handles with provisions for padlocking and
customs sealing (page 74).

Capable of use with a detachable, cushioned underframe for road

and rail movement (pages 29, 74).



6. RECOMMENDATION.

That the detailed criteria contained in Annex A be

used as the basis for the design, development, testing, and pro-

duction of an ammunition container.

2t LA

HARLAN K. HOLMAN
Project Officer
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ANNEX A to Staff Study (Ammunition Container Criteria)

June 1970

DISCUSSION

1. Background.

a. Traditionally, ammunition has been shipped to oversea military
commands in breakbulk ammunition ships. Movement from
ammunition plants and depots in the continental United States
(CONUS) to ammunition water terminals has been primarily by
rail (boxcar); farside line-haul has been accomplished by high-
way, rail, or barge. This ammunition transportation system 1is
expensive and time consuming, since it involves high port

- handling and overocean line-haul costs and requires multiple
cargo handling at CONUS and farside ports, ammunition depots,
and ammunition supply points (ASP's).

b. During December 1969 and January 1970, a test shipment of
ammunition was made to the Republic of Vietnam (RVN) utilizing
Sea-Land containers. Nine types of ammunition were loaded in
226 Sea-Land vans at inland CONUS ammunition plants. These
vans moved by highway to Port Chicago, California, where they
were loaded on the containership S.S. Azalea City and trans-
ported to Cam Ranh Bay, RVN. The containers then moved by

barge and highway to various inland destinations. Project



2.

TOCSA (Test of Containerized Shipments for Ammunition), as it

was called, revealed that substantial savings in transportation
time and funds were possible by shipping ammunition to oversea
destinations in intermodal containers. It also revealed that
various constraints limited the effectiveness of the 8-foot by
8-1/2-foot by 35-foot Sea-Land container to approximately 25-
percent-overall-cube utilization. It was apparent that further
study was needed to determine the characteristics a container
should possess for the economical and efficient intermodal trans-
portation of this type of commodity. The objective of this study,
therefore, is to determine the transportability characteristics
for an ammunition container. The study was conducted by Mr. R.
Kennedy, Mr. H. J. Murphy, Mr. J. H. Edgerton, and Mr. H. K.

Holman (Group Coordinator).

Study Approach.

It was recognized at the outset that the movement of ammunition

in containers posed several unique problems.

(1) Ammunition is a commodity with a wide range of densities,

which vary from 10 to 120 pounds per cubic foot, with most
items in the 40-to-60 pound-per-cubic-foot range. Since
the normal general cargo carried in intermodal land/sea
containers approximates 20 pounds per cubic foot, it is
obvious that an ammunition container must withstand abnor-

mally high longitudinal, lateral, and vertical stresses.



b.

This in turn requires an internal blocking and bracing system
designed to restrain high g forces.

(2) The current ammunition packaging system lacks uniformity.
Ammunition is palletized, skidded, or boxed in varying
dimensions. Consequently, loading plans will vary from
item to item.

(3) Since ammunition contains explosives, its storage, loading,
and movement are closely controlled and subject to safety
and security restrictions imposed by the various regula-
tory agencies; i.e., the Department of Defense (DOD), the
Department of Transportation (DOT), the U.S. Coast Guard
(USCG), the Bureau of Explosives, and others.

Due to the high cargo densities involved, it appeared that an
efficient container for ammunition would, of necessity, be a
special-purpose container with a relatively high tare weight.
However, it was desirable that it be of standard exterior size,
if at all possible, to facilitate its use with existing rail
and road systems as well as with the Merchant Marine container-
ship fleet. It was decided, therefore, to examine four potential
container sizes:

Interior Dimensions
Container (wxhx1)

8' x 8' x 20' 90" x 85" x 19'4"
(USASI Standard)

8' x 8-1/2' x 20' 90" x 91" x 19'4"




Interior Dimensions

Container (wx hx1l)

8' x 4' x 20' 90" x 37" x 19'4"

8' x 8' x 6-2/3" 91-3/4" x 88" x 6'2-5/8"
(TRICON)

These containers would be evaluated to determine weights, cubes,
and payloads attainable with typical ammunition loads. Containers
smaller than the TRICON (CONEX IV) were not considered, since the
payload would be small and the tare weight to internal cube ratio
would be unfavorable. Containers larger than 8-feet by 8-feet by
20~feet provide poor cube utllization for dense cargoes. For
example, cargo with a 40-pound-per-cubic-foot density will "weigh
out'" an 8-foot by 8-foot by 20-foot standard container at 100-
percent cube utilization, while a 29-pound-per-cubic-foot density
welghs out an 8-foot by 8-foot by 30-foot container. Obviously,
the high-density ammunition weighs out the larger containers with
increasingly poor cube utilization as container lengths are
increased.

c. Other factors of importance in evaluating any potential container
are the constraints imposed by the various ~ransportation modes,
handling facilities, and capabilities throughout the transporta-
tion pipeline; safety requirements imposed by approving agencies;
structural requirements to meet anticipated loads and stresses;

internal load restraint system; and environmental criteria.



3. Ammunition Movement Data.

a. As a first step in the evaluation of possible containers, an
analysis was made of ammunition export data for the period
January through March 1970. During this quarter over 600,000
measurement tons (M/T) of ammunition moved through the four
CONUS ammunition ports to oversea commands. Tonnages handled

by ports are indicated below:

Army Navy Air Force Marine Corps
Total
Port /1)
Bawlel; N, 19,535 = 1,899 s 21,434
Port Chicago, Calif. 14,890 2,005 148,063 = 164,958
Bangor, Wash. 38,759 44,173 2:3:5:1.88 8,070 109,735
Sunny Point, N.C. 243,800 1,427 61,119 14,099 320,445

NOTE: Data provided by MIMTS Area Commands

Since the export traffic handled by the Sunny Point Military
Ocean Terminal amounted to over 50 percent of the total and
included all shipper services, this traffic was considered to
be representative of the total flow pattern.

b. A detailed examination was made of the manifests of the ammuni-
tion ships sailing from Sunny Point during the January - March
period. Approximately 326,000 short tons (S/T) of cargo were

lifted; the bulk of it to Southeast Asia. (See Appendix 1 for



detailed tabulation.) Army 155-mm and 105-mm ammunition plus
Air Force 500-pound bombs accounted for over 50 percent of the
total. These movement data (Appendix 1) were used as a basis
for selecting a representative list of ammunition items by ser-
vice to simulate stuffing the four ammunition container candi-
dates. In addition to the large tonnage items in Appendix 1,
the loading list was structured to cover a wide spectrum of
sizes and weights. This list, comprising the 57 items tabulated

below, was used to determine container cube, weight, and payload

data.
Ammunition Items
Army
Item Nomenclature
1 Fuze, N-277
4 Cartridge, 60-mm
S Cartridge, 40-mm
10 Mortar cartridge, 4.2-in.
13 Charge, 155-mm
14 Projectile, 155-mm, how
15 Projectile, 8-in.
17 Cartridge, 50-cal
19 Cartridge, 5.56-mm



Ammunition Items

Army (contd)

Item Nomenclature
2% Rocket, 2.75 whd
23 Grenade
25 Cartridge, 81-mm
27 Cartridge, 7.62-mm
28 Cartridge, 152-mm
32 Projectile, 175-mm
33 Flare, surface
35 Charge, 175-mm
36 Charge, 8-in.

37 Mine, ap
38 Projectile, 105-mm
Navy
Item Nomenclature
1t Cartridge, 50-cal
2 Cartridge, 20-mm
3 Bomb, G.P., 250-1b
4 Fuze, bomb, M-128
5 Bomb, G.P., 500-1b
6 Demo kit, bangalore torpedo, M1Al

10



Ammunition Items

Navy (contd)

Item Nomenclature
7 Warhead, 5-in. rocket
8 1,000-1b, low drag bomb, G.P.
10 Fins, bomb, M131Al
14! Mine, underwater, Mk55
12 Smokeless powder, cannon
13 Charge, demo, shaped, Mk45
14 Cartridge, 5'"/54
15 Projectile, 5'/54
16 Cartridge, 8'/55
17 Projectile, 8-in. ap Mk21
18 Charge, propelling, M67
19 Projectile, 16-in. ap
20 Explosive section Mk, mod 1

Air Force

Item Nomenclature
1 CBU 28/A dispenser and bomb
2 Cartridge, 20-mm, linked
3 Bomb, G.P., M117, 750-1b
4 Bomb, G.P., M118, 3,000-1b

11



Ammunition Items

Alr Force (contd)

Item Nomenclature

5 Flare, Mk&45, mod 0

6 Bomb, G.P., blu 76/B

7 Bomb, fire, blu 27/B

8 Bomb, G.P., 100-1b AN-M30

9 Bomb, demo, blu 31/B
10 Bomb, 250-1b, Mk81
11 Fin assy, mau 94/B
12 Rocket and launcher assy, 2.75-in.
13 Bomb cluster, incendiary M36El
14 Bomb, 500-1b, AN-M64
15 Bomb, G.P., 2,000-1b, AN-M66A2
16 Bomb, G.P., 1,000-1b, AN-M44
17 Flare, aircraft, Mk24, mod 3
18 Fuze, bomb, nose M904

4, Weight, Cube, and Load Data for Major Categories of Ammunition.

a. Utilizing the 57 items listed in paragraph 3, each of the four
containers was stuffed by computer simulation to determine
floor loads, payload in terms of number of pallets, and internal

weight and cube utilization. The standard 8-foot by 8-foot by

12



20-foot container is limited by the International Standards
Organization (ISO) and the USASI to a gross weight of 44,800
pounds. Assuming a tare weight approximately that of the MILVAN
(4,400 pounds), the 8-foot by 8-foot by 20-foot container payload
weight capacity was 40,400 pounds. This weight capacity was used
also for the 8-foot by 4-foot by 20-foot and the 8-foot by 8-1/2-
foot by 20-foot containers. The TRICON capacity of 15,000 pounds
was used for that container. The internal cube of the USASI
standard 20-foot container (1,040 cubic feet) was used for the
8-foot by 8-foot by 20-foot and appropriately adjusted for the
8-foot by 4-foot by 20-foot and the 8-foot by 8-1/2-foot by
20-foot containers. The TRICON cube of 350 cubic feet was used
for that model.

b. Since pallets can seldom be loaded flush against the walls and
ends of a container, a l-inch clearance was allowed for both
ends and sides. In addition, a 6-inch top clearance was per-
mitted to insure that cargo could be forklifted into position.
Since dunnage requirements will vary widely with the specific
load and restraint system used, it was not feasible to apply a
dunnage cube penalty. Thus, under actual conditions certain
payloads may be somewhat smaller than those indicated in this
study. In most instances, however, adequate space for dunnage

remains after the container either weighs or cubes out. For
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example, only 6 percent of the sample items loaded out to within
3 inches of the walls and 12 percent to within 3 inches of the

ends.

It was necessary to examine the load and cube penalties associated

with various possible modifications to the standard container.
These modifications were those necessary to adapt a standard
general cargo 8-foot by 8-foot by 20-foot container for ammuni-
tion carriage. Four modifications and combinations thereto were
examined; i.e., internal tiedown rings, drop sides, side doors,
and a cushioned underframe. The penalty associated with tiedown
rings was estimated to be a reduction in internal height of 1-1/4
inches, a cube loss of 20 cubic feet, and a tare weight increase
of 1,000 pounds. A container with both tiedown rings and side
doors would incur a reduction of 1-1/4 inches in internal height
and 1-1/2 inches in internal width, a 50-foot loss of internal
cube, and a tare weight increase of 2,000 pounds. A drop side
container with tiedown rings would likewise incur a 50-foot loss
of cube but a 3,000-pound increase in tare weight. There would
be no cube or tare weight penalty associated with a cushioned
underframe, since the underframe would be detachable. When
attached, the underframe would increase the exterior height

only.
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d. The factors outlined in the foregoing paragraphs 4a, b, and c were

applied to each container and each item on the loading list. The
results are on evaluation sheets grouped by Army, Navy, and Air
Force items (Appendices 2, 3, and 4). The letters C and/or W

in parentheses on each sheet indicate that the container '"cubed
out" or 'weighed out." Each item was loaded both crosswise and
lengthwise in each container. Method A indicates that length-
wise loading was the most efficient, while Method B indiéates
crosswise loading to be superior. The letter P after the number
of tiers indicates a partial tier; i.e., 2 (P) is one full tier

with a partial second tier.

e. Minimum and maximum floor loads from Appendices 2 - 4 are tabulated

Army
(20 items)

below. Average floor loads approximate 300 pounds per square

foot.
Minimum & Maximum Average Loads

Minimum Maximum

1b per 1b per

sq in. sq in.

TRICON .28 2.25

8' x 8' x 20' .54 1.96

8' x 8-1/2' x 20' 554 2.00

8' x 4' x 20' <73 W)

15




Minimum & Maximum Average Loads

Minimum Maximum
Navy 1b per 1b per
(19 items) sq _in. sq in.
TRICON .30 2231,
B = B 2 20 213 1495
8' x 8=1/2' x 20" .38 1.95
8" % & x 20" 992 1.:2:3
Alr Force
(18 items)
TRICON 32 21,28
8' = 8" x 20 22 1.97
8' x 8-1/2' x 20' 22 1.98
8' % 4" x 20 .19 s U
Minimum & Maximum Point Loads
Army
(20 items)
TRICON .58 5.23
Btz e = 20 .58 4.39
8' = 8-1J2' » 20° .58 2.65
8! x4 .20 .88 .88
Navy
(19 items)
TRICON 58 3.88
8' x 8' x 20' 29 3.20

16



Minimum & Maximum Point Loads

Minimum Maximum
Navy (contd) 1b per 1b per
(19 items) sq_in. sq in.
8' x 8-1/2"' x 20' .58 3.76
8' x 4' x 20' 12 1.58
Air Force
(18 items)
TRICON .58 3.38
8' x 8' x 20' +»33 3.20
8' x 8-1/2' x 20' .33 3.38
8" x4' » 20" 2.3 .90
f. As mentioned previously, two loading methods were employed. 1In

Army
(20 items)

method A pallets or boxes were loaded with the long dimension
lengthwise of the container, while method B employed crosswise
loading. Method A was generally superior to method B (better
cube utilization) in the 8-foot by 8-foot by 20-foot and 8-foot
by 8-1/2-foot by 20-foot containers, while method B was pre-
ferable in the TRICON. The data are summarized by service in

the following table.

Best Loading Plan

A B Aor B
TRICON = 13 7
8' x 8' x 20" Bl X 3 6

17




Best Loading Plan

Army (contd) A B AorB
(20 items)
8' x 8-1/2' x 20°' 10 6 4
&% x 4' = 20" L - -
Navy
(19 items)
TRICON 3 13 3
8" x 8' % 20" 13 4 2
8' x 8-1/2' x 20' 13 4 2
' ®4* w 20° 1 2 1
Air Force
(18 items)
TRICON 5 5 5
8" x. 8" xi 20" 1l 2 5
8' x 8-1/2' x 20' 12 2 4
8 w &* % 20" 5 4 i

g. Cube utilization is particularly important in moving any cargo
overseas in containers, since both port handling and overocean
line-haul costs are based on cube rather than weight. Signifi-
cant economic penalties are incurred when container cube is
poorly utilized. Other considerations aside, the most desirable
container for a particular commodity is that which provides the
best cube utilization. The table below depicts the cube utili-

zation spread by container, by service, for the 57 items tested.
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Cube Range Utilization by Service, by Container

Army Air Force Navy
Container Size Percent Percent Percent
(feet) From To From To From To

8 x 8 x 6-2/3 19.98 56.94 28.68 69.98 28.1 56.61
8 x 8 x 20 32.11 65.84 33.81 81.04 36.13 70.85
8 x 8 x 20 31.:583 66.82 34.31 82.25 34.56 71,591,
WIR*
8 x 8 x 20 31.00 67.95 27.14 83.65 28.40 73.13
WIR/SD*
8 x 8 x 20 31.00 67.95 27.41 83.65 28.40 72.40
WIR/DS*
8 x 8-1/2 x 20 29.03 71.22 30.57 7.3.28 32.67 68.96
8 x 4 x 20%%* 61.96 61.96 40.24 71.14 362 54.00

Average cube utilization, weighted to reflect the tonnage of the

various items flowing through Sunny Point, is listed below.

*Legend:
SD
DS

**Although the cube utilization of the 8-foot by 4-foot by 20-foot side
loading container was satisfactory, it was excluded from futher
consideration since only 1 Army, 4 Navy and 10 Air Force items of

- Side doors
- Drop side

WIR - With tiedown rings

the sample would fit in it.
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Average Container Efficiencies

Army
Mean Mean
Container cube utilization weight utilization

(feet) (percent) (percent)
8 x 8-1/2 x 20 50.1 84.5
8 x 8 x 20 42.2 67.0
8 x 8 x 20 42.6 67.8
WIR*
8 x 8 x 20 43.0 68.6
WIR/SD*
8 x 8 x 20 42.9 69.4
WTR/DS*
8 x 8 x 6-2/3 30.5 49.0
TRICON

Air Force

8 x 8-1/2 x 20 52416 63.4
8 x 8 x 20 55w 7 61.0
8 x 8 x 20 553 611
WIR*
8 x 8 x 20 54.3 61.1
WTR/SD*
8 x 8 x 20 5139 671
WTR/DS*
8 x 8 x 6-2/3 G =57 55.9
TRICON

*See legend on page 19.
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Navy

Mean Mean
Container cube utilization weight utilization

(feet) (percent) (percent)
8 x 8-1/2 x 20 48.9 71.0
8 x 8 x 20 47.3 65.0
8 x 8 x 20 47.8 66.1
WTR*
8 x 8 x 20 47.3 66.0
WIR/SD*
8 x 8 x 20 46.9 66.2
WIR/DS*
8 x 8 x 6-2/3 40.9 51.5
TRICON

The above data clearly illustrate the superior cube utilization
obtainable with the 8-foot by 8-foot by 20-foot and the 8-foot
by 8-1/2-foot by 20-foot containers. The 8-foot by 8-foot by
20-foot was more efficient for Air Force cargo, while the 8-foot
by 8-1/2-foot by 20-foot was preferable for Army cargo. Either
container would serve equally well for the Navy sample. The
8-foot by 4-foot by 20-foot side loading container was not
included for further consideration since only 1 Army, 4 Navy,
and 10 Air Force items would fit in it. Obviously, a side

or end loading container of this size would be completely

*See legend on page 19.
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inadequate for existing ammunition pallet sizes. Further con-
sideration will be given later in the study to the possibility
of using this container as a top loader.

h. With regard to the data in Appendices 2, 3, and 4, it is of
interest to note that the majority of items cube out a container
before weighing out (Appendix 5). This indicates that ammuni-
tion densities do not play as significant a role as might be
expected. Pallet configurations are such that utilizing the
full container payload capacity is impracticable, except for
the most dense items such as bombs and large caliber projectiles.

i. After each container had been analyzed and tested individually
to determine its cube efficiency, it appeared desirable to con-
sider them in pairs. It was possible that a combination of con-
tainer sizes would provide a significant increase in load effi-
ciency. Containers were paired, therefore, in every possible
combination and the optimum cube utilization averages tabulated
(Appendix 6). Pairing the 8-foot by 8-1/2-foot by 20-foot with
the 8-~foot by 8-foot by 20-foot containers, in most cases,
resulted in very small increases in effectiveness over that
attainable with the individual container. In the case of Army
cargo, however, an increase in effectiveness of 10 percent over
the individual 8-foot by 8-foot by 20-foot was obtained. Anal-
sis of the Appendix 6 data led to the conclusion that, in all

probability, only minor efficiency gains would be attainable with

a family of containers.
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j. Having determined the load efficiency of the container models,
the question arose as to a norm or maximum to measure these
against. In short, what is good cube utilization for an ammuni-
tion container—given the current ammunition pallet sizes and
weights? Certainly the norm of 75 percent for general cargo
would not be applicable. With a fixed base of 8 feet by 20 feet,
there was obviously some specific height that would provide the
maximum attainable cube utilization. To find an optimum height,
the base of the container was fixed at 8 feet by 20 feet and the
external height raised in 1/2-inch increments through a range
from 4 feet to 8-1/2 feet. Computer analysis indicated an
optimum height of 70 inches with a cube utilization of 54 percent.
Thus, it was apparent that one could not expect to obtain cube
utilization factors much in excess of 50 percent in any container,
unless the current pallet system is redesigned and standardized.

k. As indicated previously, the 8-foot by 4-foot by 20-foot container,
when designed for side loading, has inadequate interior height to
accommodate many ammunition items. The possibility existed, how-
ever, that with the additional usable interior height available
with top loading, it might be a suitable container. The 6
inches allowed for headroom when loading from the side or end
could be reduced to 1 inch when loading from the top, since fork-
1lift maneuver space is not required. A review of Appendices 2,

3, and 4 revealed that the additional items listed below could be
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accommodated in the 8-foot by 4-foot by 20-foot container if
configured for top loading. However, 15 Army, 8 Navy, and 4 Air
Force items still would not fit into the container due to height
limitations. Since 27 of the 57 items sampled could not be
containerized in this size container, it was eliminated from
further consideration.

Additional Items That Could Utilize The 8'x4'x20' Container If
Configured For Top Loading (36 in. usable inside height)

Army Air Force Navy
Projectile, 155-mm, how Bomb, 3,000-1b Cartridge, 50-cal
Cartridge, 50-cal Bomb, fire blu 27B Cartridge, 20-mm
Cartridge, 5.56-mm Fin, assy mau 94-B Bomb, 250-1b
Rocket 2.75-mm, whd Bomb, 500-1b Mine, underwater Mk55

Projectile, 5'"/54
Charge propelling M67
Explosive section-
mine
1. Ammunition item configurations are not well suited for the TRICON.
Cube utilization for all services is significantly lower for the
TRICON than that obtained with either the 8-foot by 8-foot by 20-
foot or the 8-foot by 8-1/2-foot by 20-foot container. Also three
of the Air Force bombs are oversize to this container. Its most

serious deficiency, however, is its reduced payload vis-a-vis the
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20-foot containers. Three TRICON's are designed to lock to-

gether to form an 8-foot by 8-foot by 20-foot container unit.

The tables below compare the number of pallets that can be carried
in the TRICON in its 20-foot configuration with those carried in
standard 8-foot by 8-foot by 20-foot container. It is readily
apparent that while the TRICON may provide distribution flexibility,
it is not an efficient transportation vehicle for the intermodal
movement of large quantities of ammunition. Inadequate cube utili-
zation and poor payload capacity ruled it out from further con-

sideration as a primary intermodal ammunition container.

TRICON Versus 8'x8'x20' Container Loading

Army Ammunition

Fuze
Cartridge, 60-mm

Cartridge, 40-mm

Mortar cartridge, 4.2-in.

Charge, 155-mm
Projectile, 155-mm
Projectile, 8-in.
Cartridge, 50-cal

Cartridge, 5.56-mm

Three TRICON's 8'x8'x20'
(No. pallets) (No. pallets)

12 16

12 8

6 8

9 15

6 12

33 29

69 59

12 16

12 16
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Item

Rocket, 2.75 whd
Grenade

Cartridge, 8l-mm
Cartridge, 7.62-mm
Cartridge, 152-mm
Projectile, 175-mm
Flare, surface
Charge, 175-mm
Charge, 8-in.
Mine, ap

Projectile, 105-mm

NOTE:

Item
Cartridge, 50-cal
Cartridge, 20-mm
250-1b bomb, G.P.

Fuze, bomb

Army Ammunition (Contd)

Three TRICON's
(No. pallets)

8'x8'x20"
(No. pallets)

12

6

6

12

45

6

6

16

8

8

16

12

39

12

8

8

8

12

In 16 items out of 20 the 8-foot by 8-foot
by 20-foot container will carry a signifi-

cantly higher payload than the TRICON in its

20-foot configuration.

Navy Ammunition

Three TRICON's 8'x8'x20"
(No. pallets) (No. pallets)
12 13
12 13
12 16

6 8
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Navy Ammunition (Contd)

Three TRICON's 8'x8'x20"'
Item (No. pallets) (No. pallets)
500-1b bomb, G.P. 6 10
Demo kit, bangalore torpedo 9 10
Warhead, 5-in. rocket 12 8
1,000-1b bomb, G.P. 9 13
Fins, bomb 12 8
Mine, underwater 12 16
Powder, cannon T2 15
Charge, demo 6 5
Cartridge, 5'"/54 6 8
Projectile, 5'/54 iy 10
Cartridge, 8'"/55 6 8
Projectile, 8-in. ap 24 20
Charge, propelling 12 16
Projectile, 16-in. ap 15 13
Explosive section 6 8

NOTE: 1In 13 items out of 19 the 8-foot by 8-foot
by 20-foot container will carry a higher
payload than the TRICON in its 20-foot con-
figuration.
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Item
Dispenser and bomb
Cartridge, 20-mm
Bomb, G.P., 750-1b
Bomb, G.P., 3,000-1b
Flare
Bomb, G.P., blu 76B
Bomb, fire
Bomb, G.P., 100-1b
Bomb, 250-1b
Bomb, demolition
Fin assy
Rocket launcher assy
Bomb cluster, incendiary
Bomb, 500-1b
Bomb, G.P., 1,000-1b
Bomb, G.P., 2,000-1b
Flare, aircraft

Fuze, bomb, nose

NOTE: 1In 11

by 20-
load than the TRICON in its 20-foot configura-

tion.

Air Force Ammunition

Three TRICON's 8'x8'x20"
(No. pallets) (No. pallets)
Oversize 12
336 379
18 23
12 11
6 5
Oversize 2
Oversize 6
18 36
12 8
24 21
6 12
36 36
18 19
112 12
18 24
18 17
6 10
162 180

items out of 18 the 8-foot by 8-foot
foot container will carry a higher pay-

In only 5 of the 18 items is the TRICON

superior in payload capacity.
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m. It is probable that cube and/or payload penalties will be incurred
in any container when various modifications are applied to adopt
it for a special purpose. This 1s not to say that the modifica-
tions may not be desirable nor that they should not be made. It
is important, however, to recognize that penalties exist and to
estimate their magnitude so that “trade off" determinations can
be made. The most significant possible design modifications to
a standard general cargo container to meet ammunition containeri-
zation requirements were considered to be:

(1) The installation of tiedown rings and/or mechanical bracing
for internal load restraint.
(2) Structural reconfiguration for either side doors or drop
sides.
(3) The use of a cushioned underframe.
The cushioned underframe, conceived as a detachable unit, imposed
no penalties on the container itself. The total unit exterior
height for over-the-road or rail movement when the underframe
would be used would be increased somewhat. As mentioned pre-
viously, the other potential modifications would impose both
internal cube and load capacity reductions. Mechanical bracing
penalties were estimated to be equivalent to those incurred
with tiedown rings. Expressed in terms of payload, these penal-
ties are tabulated below. Comparable penalties will exist with

the 8-foot by 8-1/2-foot by 20-foot container.
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Payload Penalty Incurred With 8'x8'x20' Container Modifications

Item

Projectile, 155-mm
Projectile, 8-in.
Projectile, 175-mm

NOTE:

Item

Cartridge, 50-cal
Cartridge, 20-mm
Charge, demo, shaped
Projectile, 5'"/54
Projectile, 8-in.
Projectile, 16-in.

NOTE:

Army Ammunition

Standard container Tiedown

Of the 19 Navy ammunition items
surveyed, the 6 items above incurred
a payload penalty when loaded in a
modified USASI 8-foot by 8-foot by
20-foot container. The penalty
ranged from 5 percent to 38 percent.

30

(No. pallets) rings Side door Drop side
13 il =i =2
63 -1 =3 -4
42 =i =2 =3

Of the 20 Army ammunition items

surveyed, only the 3 above incur-

red a payload penalty when loaded

in a modified USASI 8-foot by 8-

foot by 20-foot container. The

penalty ranged from 1.6 percent of

payload to 6.5 percent.

Navy Ammunition
Standard container Tiedown

(No. pallets) rings Side door Drop side
14 No penalty No penalty -1
14 No penalty =], -1

8 No penalty =3 =18

11 -1 =, =il
21 No penalty =il: =1).
14 No penalty =1 4!



- Alr Force Ammunition

Standard container Tiedown

Item (No. pallets) rings Side doors: Drop side
Cartridge, 20-mm 400 -6 -16 -21
Bomb, G.P., 750-1b 24 No penalty =1 -1
Bomb, G.P., 3,000-1b 12 No penalty No penalty =l
Flare, Mk45 10 No penalty =5 =5
Bomb, demo 22 = -1 ol
Bomb cluster, incendiary 21 =1 =k -2
Bomb, 500-1b 13 =i -1 =il
Bomb, G.P., 2,000-1b 18 No penalty =1 -1
Fuze, bomb, nose 216 -36 -36 -36

NOTE: Of the 18 Air Force ammunition items

surveyed,

the 9 items above incurred

a payload penalty when loaded in a

modified

USASI 8-foot by 8-foot by

20-foot container. This penalty
ranged from 1.5 percent to 50 percent.

n. Based on the characteristics of the 57-item ammunition sample and

the considerations and

factors outlined in preceding paragraphs,

it was concluded that an 8-foot by 8-foot by 20-foot external

configuration would most nearly meet the requirements for an

ammunition container.
accommodate many types

inadequate due to poor

cant payload reduction.

to choose from between

The 4-foot-high container is too low to

of ammunition, while the TRICON is

cube utilization combined with a signifi-
In terms of efficiency there is little

the 8-foot by 8-foot by 20~foot and the

8-foot by 8-1/2-foot by 20-foot containers. Although the 8-1/2-

foot high container provides relatively good cube utilization
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(better than the standard 8-foot by 8-foot by 20-foot for Army
items), it is a non-standard size. While this height has admit-
tedly been in use for many years by the largest United States
ocean carrier, the military services would lose some flexibility
in employment were they to use this container size for ammuni-
tion. On balance, then, the USASI and ISO standard 8-foot by
8-foot by 20-foot configuration was selected as the most suitable
for ammunition containerization.

5. Design Loads.

a. Shock.

(1) Characteristics.

(a) The ammunition container loaded to full tare weight of
44,800 pounds must withstand a rail impact load of 10
miles per hour in each direction with no signs of
failure or impending failure for the container, cargo,
or restraining systems. The impact system will have
a piggyback railcar configuration and impacts will be
run in accordnace with TB 55-100 (Appendix 7).

{(b) The fully loaded container must withstand corner and
edgewise drops from a height of 12 inches and exhibit
a 10 percent margin of safety for all major container
and restraint components.

(2) Justification.
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(a) The military specification for the MILVAN container requires
a 2-1/2g longitudinal load. This is consistent with a
10 mile~-per-hour impact for a container on flatcar (COFC)
or trailer on flatcar (TOFC) system. To provide options
to balance cushioning and structure economically, a
velocity characteristic of 10 miles per hour was selected.
The 10 miles per hour requirement with test mechanics as
described in TB 55-100 will require a characteristic for
ammunition contalners the same as now required for gen-
eral cargo containers carried on piggyback, autorack,
and container railcars, many of which are now commercially
available.

(b) The 12-inch drop tests are frequently specified for a
limiting characteristic of vertical down shock in both
military and commercial specifications. It is a require-
ment of many military specifications including MIL-P-116E.
Again, the 12~inch requirement rather than a g-load
requirement is chosen to provide for an intermix of
cushioning and structural design.

(c) Shocks of other severities and occurring in other directions
than those specified are normally associated with vibra-
tion-type input loadings These will be covered in the
general vibration characteristics to retain the shock

and vibration association.
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(3) Plan. The prototype container loaded to maximum capacity with
inert ammunition and the cargo restrained in accordance with
the proposed restraining system will comprise the test
specimen. The test specimen will be tested in accordance
with transportability test procedures for rail and terminal
handling. Drafts of procedures are attached as Appendices
8 and 9. Type B, Failure Tests, are required to establish
the failure load and the margin of safety for major system

components.

Vibration.

(1) Characteristics. The container loaded with ammunition to

both a maximum and a minimum practical gross weight shall
be able to withstand the vibration consequent to 43 passes
over a 2-inch washboard course and 43 passes over the spaced
bump course. A positive margin of safety of 10 percent is
required for all major structural components.

(2) Justification. According to TB 55-100, the highway vertical

vibration is the most severe sustained vibration the cargo
restraining system and container need withstand during an
intermodal shipment. Project TOCSA verified these criteria
findings. Damage consequent to highway vibration frequently
causes an unsafe condition for sea shipment. During the
ammunition test shipment, the highway portion of the shipment

caused minor blocking fallures and slippages that had to be
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corrected on 50 out of 226 containers before the shipment
could continue on the sea voyage. These minor failures
would be serious in ocean movement where the loose cargo
condition cannot be corrected or safety tolerated. Sea
vibrations are occurring on the ammunition for a much longer
time than highway vibrations but the frequency is slow (6
seconds per cycle) to be classified by a static character-
istic. Rail vertical vibrations are less severe as shown

in TB 55-100.

(3) Plan. The container loaded with a maximum and a minimum cargo
of ammunition restrained in accordance with the proposed
practice will comprise the test specimens. A simulated test
specimen will be subjected to Method B, Laboratory Failure

Tests, as described in Highway Transportability Test Criteria.

The Method B test is to be conducted during the development
and prototype stage for the ammunition container. The
actual container loaded for both maximum tare weight and
minimum practical tare weight is to be tested in accordance

with Method A, Road Course Proof Test of the Highway Trans-

portability Test Criteria, attached as Appendix 10.

¢. Static Loads.
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(1) Characteristics. The static design loads for this container

are in most requirements, based on USA Standard, Specifica-
1/
tions for Cargo Containers, USASI MH 5.1 and Military Speci-
&f
fication Container, Cargo, MIL--C-52661 (ME), which are similar.

The basic difference in the requirements, as regards static
loads, for the ammunition container is that in the coupled
configuration, the gross weight of the combined containers

is not derated; it 1is equal to twice the gross weight for a
single container. The static design loads in some of the
specified loads are the same as in the reference publications;
however, all of the specified loads for the container are
equal to or more severe than those specified in the referenced
publications.

(2) Justification. To insure acceptance of the container by the

maximum number of carriers and to insure that the container is
compatible with available handling equipment, it must comply
with the minimum requirements of the USA Standard.

(3) Plan. The numbered references below are used in the tabulated

material that follows.

1/

USA Standard, Specifications for Cargo Containers, USASI MH 5.1 - 1965,

Revised to 1967. (If the latest edition is more severe, it will be applicable.)
2/

Military Specification Container, Cargo MIL-C-52661 (ME), 8 August 1969.
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d. Test Requirements, Static.

(1) Characteristics. The test requirements for the container

are similar to those described in the Military Specifi-

cation Container, Cargo, (MIL-C-52661 (ME)) and others

covered under the justification which follows. The

basic difference being that gross weight is not derated
for coupled containers. The test requirements in some

of the specified tests are the same as in the referenced
publications; however, in all of the specified tests the
requirements for the ammunition container are equal to or
more severe than those specified in the referenced pub-
lications.

(2) Justification. To insure that the container will be struc-

turally strong enough to withstand the test requirements as
established by existing national and intermational organ-
izations, the tests must meet their minimum requirements;
accordingly, the test plan has been developed to insure
that this container meets the minimum requiremer s as set
forth in the following references.

References:
l/ i . n_Container, Cargo, MIL-C-52661 (ME), 8 August 196Y.
%/American Bureau of Shipping.

— Department of Transportation.

;/Lloyd's.

= British Standards Institute.

—'International Organization Standardization.

— Nippon Kaiji Kyokai
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(3) Plan. The references shown on page 41 are used in the

following tabulated material.
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6. Internal Restraint System.

a. The most satisfactory restraint arrangement was considered to
be a system which meets the following criteria.

(1) Characteristics. The internal cargo restraint must have

sufficient strength and function with a maximum allowable
capacity of ammunition cargo and a center of gravity 40
inches above the floor to:

(a) Prevent relative movement between the cargo and the
container.

(b) Weigh less than 1,000 pounds.

(c) Reduce the usable cargo space by not more than 10
percent.

(d) Provide for unloading with hand tools and a rough
terrain forklift in not more than 30 minutes per
container with a 3-man crew and a forklift operator.

(e) Reduce the cost of current blocking and bracing methods
by 50 percent.

(f) Provide for restraint, loading, removing restraint and
unloading from either end or side doors.

(g) Restrain all unitized or palletized ammunition currently
in the system.

(h) Withstand, without fracture or loosening of the restraint
members, a 10 m.p.h. rail impact with test procedures

given in TB 55-100 and Rail Transportability Test Criteria.
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(2)

(i) Withstand without failure of primary members a 12-inch
corner and a 12-inch edge drop test in accordance with
procedures given in Terminal Handling Transportability
Test Criteria.

(j) Withstand, without failure or impending failure, a 1.5g
vertical uploading of 10 second duration.

(k) Withstand the highway vibration environment listed for
the container under Design Loads, Vibration in this
report.

Justification.

(a) The internal cargo restraint must be as strong as the
restraint required of the containers because the
relatively light construction of the doors, ends, walls
and roofs of the containers will not provide for con-
taining loose dense cargo. In rail and highway non-
containment of the ammunition could precipitate damage
to the entire train or road traffic. For sea, non-
containment not only could damage cargo in nearby
containers but could damage entire cell loads or perhaps
endanger the safety of the entire ship.

(b) Ammunition presents special internal restraint problems
due to its bullet-like shape. Cargoes of equal fragility,
density and weight require a stringent internal restraint

criteria but particular internal restraint systems are
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needed for ammunition. The exact items should be

tested to cover such factors as penetration and puncture
and insure that the shapes are consistent with the
restraint structure.

(c) Most ammunition cargoes are either single or double tiered.
For internal restraint the double tiers present the most
difficulty with regard to transportation environmental
loadings. In Project TOCSA the pallet loads that were
on the second tier experienced some loosening of the
restraint due to highway vibrations encountered in
CONUS. Although all the restraint damage was corrected
before ocean shipment, inspection costs were high at
the ocean terminal. An adequate restraint system must
minimize inspection cost and time penalties between the
highway and ocean shipment.

(d) Relative movement between the cargo and the container is
not tolerable particularly in sea shipments. Although
the g loadings are relatively low, they frequently persist
for 20 days or more. The restraint is in a continual load
and unload or load reversal condition. Movement of items
within the cargo cannot be corrected at sea due to the
inaccessibility of the cargo in the cells. Also, where as
in other modes the vehicles can be stopped to correct

for cargo looseness, the sea mode offers no opportunity
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to stop the input environmental loadings. Relative
movement of ammunition cargoes is now prohibited by
regulations. This requirement should remain in effect.

(e) For the TOCSA test move, blocking and bracing or the
internal restraint structure weighed approximately 1,500
to 2,000 pounds for a 35-foot long container load. The
methods used were substantially extensions of conventional
break bulk methods used in rail practice. The use of
special internal restraint concepts for ammunition in
containers should emphasize light weight. It is estimated
that the weight of the internal restraint system should
not exceed 1,000 pounds for an 8-foot by 8-foot by
20-foot container.

(f) It is essential to insure that the internal restraint
system is located to provide the least space penalties
to ammunition cargo. Conventional wood blocking and
bracing systems use approximately 20 percent of the
potential cargo cube. MIMIS studies have shown that an
internal restraint system that would reduce the usable
cube by 10 percent would produce a tangible and usable
benefit. The most serious penalty is a reduction in
container inside width. The most tolerable cube penalty
is inside height and length reduction. The optimum

arrangement, as regards space utilization, will utilize
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some longitudinal and vertical space with a minimum
taken from the inside width.

(g) Report from the first TOCSA test shipment indicated that
a requirement exists for unstuffing ammunition containers
in the field with a rough terrain forklift. The findings
also include the need and recommendation to unstuff
quickly. A preliminary study of the times and methods
of unstuffing used in Vietnam indicates that 30 minutes
unloading of an 8-foot by 8-foot by 20-foot container
with a 4-man crew would be the minimum acceptable
requirement to justify the requested built-in internal
restraining equipment.

(h) Blocking and bracing costs were approximately $130 per
container load for the TOCSA test. The costs vary for
each item restrained. A built-in system should greatly
reduce the carpentry work and materials. The character-
istic selected was a 50-percent reduction in tiedown
costs as a general average for all ammunition pallet
loads.

(1) The TOCSA test report strongly recommended side doors for
an ammunition container. Stuffing and unstuffing, side
or end independently, must not be restricted by the

internal restraint system.
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(j) The internal restraint system must be capable of handling
all types of ammunition that can now be handled by
current blocking and bracing methods. The Military
Services cannot afford to limit transportability by
further restricting the types of ammunition that can
be shipped in containers. A built-in system of internal
restraint must have sufficient flexibility to eventually
increase the types of container transportable ammunition
expecially those entering the system in the future.

(k) Rail impact tests as recommended in TB 55-100 were
selected as a requirement for transportability compliance.
This provides for a reproducible base and the establishment
of interchangeable failure loads and margins of safety.
In general, the restraining system is required to with-
stand the same rail shock load as the container. These
tests are consistant with ISO and commercial piggyback
test requirements. It is the intent that the internal
restraint test for rail shocks be the same test as
those conducted for the containers, with additional
instrumentation applied to the internal restraint and
the cargo.

(1) Twelve-inch cornerwise and edgewise drops are characteris-
tics required of the container that are extended to the

cargo to balance the system strength wise.
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(3) Plan. All internal restraint characteristics will be satisfied
by analysis in the design stage. The prototype  containers
are to be tested against the criteria with all principal
failure loads and margins of safety determined. Transpor-
tability test procedures are contained in Appendices 8, 9
and 10.

7. Environmental Criteria.

a. Temperature.

(1) Characteristic. Ventilation shall be provided to permit the

free circulation of air throughout the container to maintain
reasonable temperatures.

(2) Justification.

(a) With reference to storage and handling of chemical
munitions, AFM 71-4 states ''When stored outdoors chemical
munitions should be covered with tarpaulins and stacked
to permit free circulation of air."

(b) TM 9-1300-206 covers specific regulations governing

ammunition as follows:

is stated, "If it is necessary to leave boxes (of
ammunition) in the open temporarily they should be
covered with a flameproof paulin, so placed that

there is free circulation of air rthrough the stack."
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2. Under Fire Protection, "Some explosives ignite at
temperatures substantially lower than those required
to ignite wood, paper, or fabrics. . . . Therefore,
every effort will be made to maintain normal temper-
ature surrounding ammunition and explosives."

3. Under Safety Rules, "When specially constructed
magazines are not available, the building used must
afford suitable protection against moisture and
excessive changes in temperature and have means for
adequate ventilation. . . . Ammunitions should
be . . . arranged so that free circulation of air
beneath and throughout the stack is possible."

(¢) Coast Guard Rules and Regulations for Military Explosives

and Hazardous Munitions, CG 108, covers the following:

1. Transportation or Storage of Explosives . . . on
Board Vessels. Under Ventilation of Magazine, "A
magazine that is not fitted with ventilating ducts
to the atmosphere shall be ventilated by omitting
the top course of boarding on the sides of the
magazine to provide a clear space at least 1 inch
and not more than 6 inches below the lower flange

.« . within the compartment 5

2. In the table on Classification, Handling, and Storage

it is stated that, "It is important to stow in
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locations not subject to temperatures above 100
degrees Fahrenheit.'" This statement is made under
the column head "Stowage' for chemical ammunition

HC filled, chemical ammunition WP or PWP filled, and
chemical ammunition nonlethal.

(d) USATEA Report 70-8, Engineering Report, Predicting High

Temperatures Inside Cargo Containers, states that at

the time the ambient air temperature at the Tropic Test
Center was 93 degrees Fahrenheit, the temperature build
up inside a closed CONEX container was 123 degrees
Fahrenheit 6 inches below the roof and 135 degrees
Fahrenheit on the south wall of the container. This
information was referenced to point out that temperature
build up inside a closed container can become signifi-
cant.

(3) Plan.

(a) That 4.25 square feet net ventilation be provided in each
end of the container both at the top and bottom, or a
total net ventilation of 17 square feet. For ventilator
with 50 percent free area, the gross ventilation area
required will be 34 square feet.

(b) This plan is based on an 8-foot by 8-foot by 20-foot
long aluminum container backed with plywood, a 1l0-degree
Fahrenheit temperature differential, still air, and the top

and one side of the container exposed to the sun.
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(c) Based on a calculated risk, the ventilation requirements
may be changed; however, any decrease in ventilation
will result in a corresponding increase in container

temperatures when exposed to the most critical temp-
erature conditions.

b. Weather.

(1) Characteristics.

(a) Lightning Protection. The container shall be properly
equipped with a lightning protection system.
(b) Moisture. The container shall be rainproof.

(c) Static Electricity. The container shall be constructed

to prevent the build up of static electricity.
(d) Sparks. All tools, moving parts, materials for cleaning
shoes before entering the container, or other spark-

producing hazards shall be of non-sparking materials.

(2) Justification. Reference TM 9-1300-206, Care, Handling, Preser-

vation and Destruction of Ammunition.

(a) Lightning. '"Buildings and structures used for the manutac-
turing, processing, handling or storage of =xplosives
and ammunitions shall be equipped with a lightning
protection system."

(b) Moisture. 'When especially constructed magazines are not

available, the building used must aftord suitable pro-

tection against moisture, etc."
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(c) Static Electricity. ''Charges of static electricity can

be accumulated on a person and on explosive material. . . .
The discharge of static electricity is considered
a serlous hazard in the presence of certain exposed
explosives, dust-and-air . . . ."
(d) Sparks. '"Sparks may be caused by striking iron or steel
nails or metal containers with iron or steel tools or
by nails in shoes striking flint, pebbles, or grains of
sand, or nalls in the floor. Such sparks, small as
they are, have caused disastrous explosions of black
powder or the dust of other explosives which ignite
easily. This hazard is the basis for requiring tools
of brass, copper, or other nonsparking materials,
cleaning mud and dirt from shoes before enterine mugazines
or operating bulldings, and wearing approved safety shoes
when exposed explosives are present.'
(3) Plan.
(a) Lightning. A lightning protection system, oufouvming to
an acceptable code, shall be installed.
(b) Moisture. The container shall meet weatherproc e-s tests
similar to that prescribed in MIL-C-52661 (ME), Mili.a:

al

Specification on Container, Cargo, except that thers

will be additional requirements for the weatherproufness

of the ventilation system.

56




(¢) Static Electricity. The container shall meet suitable

electrical conductive or resistance tests to ascertain
that there can be no build up of static electricity.
(d) Sparks. The material of all parts or items associated
with the container shall be of nonsparking material
where necessary to eliminate the hazard of sparking.
c. Corrosion.

(1) Characteristic. The container shall be constructed of such

corrosion resistant materials that maintenance, as a result
of corrosion, will be a minor concern.

(2) Justification. Corrosion of materials is of special concern

when they are exposed to the natural outdoor environments.
(3) Plan. Consideration shall be given to the Salt Fog Tests of
MIL-STD B1l0OB or similar tests to obtain an indication of the
corrosion resistance of the container materials both indivi-
dually and combined as they will be in the fabrication of the
container.
8. Constraints.

a. Characteristics.

(1) Overall dimensions and weight of the container must be as follows:

Height - 8 ft
Width - 8 ft
Length - 20 ft
Weight - 44,800 1bs (20 L/T)*

*L/T - Light ton
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(2) The container must be transportable by all surface modes of
transport, and it must be compatible with cargo handling
equipment throughout the storage and transportation system.
Compatibility also includes sufficiency in the following
areas:

(a) Door opening configuration.
(b) Floor bearing strength.
(¢c) Container floor aligned with or above door sills.

(3) Container must be equipped with IS0 Standard corner fittings.
It must be accessible from both sides and the rear for
stuffing and stripping operations.

(4) The container must be approved for use in transporting
ammunition (all classes) via all surface modes of commercial
and military transportation.

(5) The container must be splashproof.

b. Justification.

(1) Highway. Under the constraints pertinent to the highway mode,
the 8-foot by 8-foot by 20-foot, 44,800-pound design  qualifies
for generally unrestricted movement on a worldwide basis.
Investigation of 136 states, provinces, and countries reveals
that in 82 percent of the areas examined, the recommended
configuration can be moved without restriction. Of the

remaining 18 percent, some restriction is imposed on the
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physical dimensions or maximum gross weight of the container.

In some cases, restrictions are based on legalistic limita-

tions rather than the physical capacity of the highway system

in the particular area.

In many such instances, the proposed

8-foot by 8~foot by 20-foot container can be readily moved

over the highway system with permission of the area legal

authorities.

An investigation of the extent to which such

authorization can be obtained is beyond the scope of this

study; however, experience indicates that cargo with the

dimensions specified is transportable on highway systems

throughout the world.

This experience is reinforced by the

fact that the 8-foot by 8-foot by 20-foot, 44,800-pound

container conforms to the ISO Standard for containers.

Examination of the impingement of

20-foot container on restrictions

(a)
(b)
(c)
(d)

48 percent of
42 percent of
24 percent of

20 percent of

the

the

the

the

restrictions

restrictions

restrictions

restrictions

the 8-foot by 8-foot by
indicates that:

involve weight limitations.
involve height limitations.
involve width limitations.

involve length limitations.

It should be noted that 32 percent of the incursions of the

restrictions involved overages of 10 percent or less. The

restrictions discussed above do not take into consideration

the impact of inclement weather or national disaster.
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Appendix 11 is a listing of over-the-road limitations for
various areas of the world. This information is excerpted

from Containerization Intermnational, 1970 Yearbook, pages

200-204,

Rail. The 8-foot by 8-foot by 20-foot, 44,800-pound container

qualifies for generally unrestricted movement on the rail-
way systems of the world. Investigation of 122 states,
provinces, and countries indicates that the proposed size
for this container can be transported on the railway systems
without restriction in 85 percent of the countries. The
proposed configuration will require a permit for movement in
the remaining countries. The only areas in which difficulty
can be anticipated are those areas of countries (e.g. Portugal)
which are served by narrow gauge railway only. However,
based on experience in handling oversized shipments, it is
felt that in the rare cases where the narrow gauge rail is
limited to a smaller configuration, the country's highway

or inland waterway system is capable of handling the 8-foot
by 8-foot by 20-foot, 44,800-pound container. Containers of
this size which are within the ISO Standard for dimension
and weight are currently being handled on rall systems in
many areas of the world. The following table lists areas of
the world which can accommodate by rail a loaded container,

8- by 8- by 2-feet, weighing 44,800 pounds.
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Areas of the World That Can Accommodate by Rail a Loaded 8-x8~x20-ft,
44,800 1b Container

Area Max. Axle Load Remarks

Austria 20 toms
Belgium 24 tons
Bulgaria

Denmark 14 to 20 tons
France

Greece

Hungary

Luxembourg

Poland

Romania

Czechoslovakia

Turkey

Sweden 20 tons
Switzerland

Netherlands 21 tonms

Ttaly

Germany 20 metric tons
Norway

Yugoslavia

Morocco

Algeria
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Areas of the World That Can Accommodate by Rail a Loaded 8-x8-x20-ft,
44,800 1b Container (contd)

Area
Tunisia

Syria
(E. Allepo)

U.S.S.R.

United States
(50 states incl
Alaska)

Canada
(11 provinces)

Mexico

Finland

Japan
(Tokaido Line)

Northern Ireland

Republic of
Ireland

Portugal

Spain

Argentina

Brazil

Peru

(Ferrocarril Central)

Max. Axle Load

59.5 tons

19 tons

8 to 18.5 tons

19 tons

22 tons

13.4 to 18.3 tons
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Remarks

Will take low car.

Broad gauge can

accommodate

container; narrow gauge can-

not.

Broad gauge can
container.

5 - 6 gauge can
container. 4 -
can accommodate

accommodate

accommodate
8-1/2 gauge
container.

Information unavailable.




Areas of the World That Can Accommodate by Rail a Loaded 8-x8-x20-ft,
44,800 1b Container (contd)

Area Max. Axle Load Remarks

Uruguay State
Railway Will require permit.

Algeria Standard gauge can accommo-
date container.

Congo 15 tons Will require permit.
East Africa 10 to 22 tomns Will require permit.
Ghana 12-1/2 to 16 tons Will require permit.
West Africa 13 to 16.2 metric Will require permit.

tons
Malawi Will require permit.
Nigeria Will require permit.
Sierra Leone 5 tons Will require permit.
South Africa 10 to 22 tons Will require permit.
Ceylon
Taiwan Will require permit.
India 19 to 28.5 metric

tons
Indonesia 8 to 13-1/2 tons Will require permit.
Iraq 17 tons Standard gauge.

12 tons Metric gauge; will require

permit.

Israel Standard gauge.
Malaysia 16 tons Will require permit.
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Areas of the

World That Can Accommodate by Rail a Loaded 8-x8-x20-ft,
44,800 1b Container (contd)

Area
Pakistan
Philippines
Turkey

Australia

Max. Axle Load Remarks

Broad gauge.
35,000 pounds

Will require permit.

Commonwealth Railways

New South Wale
Queensland
South Australi
Victoria

West Australia

New Zealand

s 22.6 tons May require permit.
15 tomns Will require permit.

a 22 tons Will require permit.
17 tous Will require permit.
10 to 14 tons Will require permit.
16 tons Will require permit.

(3) Army Air. Both the CH-47 and CH-54 helicopters are capable

of sling loading the 8- by 8- by 20-foot configuration.
However, neither is capable of lifting the 44,800-pound
maximum gross weight of the proposed container. At

this time, no United States helicopter is in the produc-
tion or meaningful developmental process which can accomp-
lish such a lift. Considerable work has been done both
experimentally and operationally in carrying equipment

and containers even larger than 8- by 8- by 20 feet;
therefore, physical measurements of the container are not

limiting factors.
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(4) Terminals. The primary constraints imposed on the container
size by terminals involve handling equipment and facility
layout. Handling equipment is discussed in detail in the
paragraphs below. Since the proposed configuration is in
accordance with ISO Standards and is relatively small, the
problem of facility layout for the handling thereof is
simplified. Any terminal facility designed and constructed
for handling containers in volume will be capable of accommo-
dating the 8- by 8- by 20-foot container. Also, terminals
not specifically designed as container-handling facilities
can obviously handle the 8- by 8- by 20-foot container
more readily than a larger container. Efficient logistical
planning and transportation coordination will prevent destin-
ation port ccngestion, permit immediate dispersal of the
loaded centainers to the torward ammunition supply point
(ASP) locations, and thereby alleviate the requirement for
large holding areas for ammunition-filled containers at
terminal locations. Such rationale supports very closely
the conceptual '"Inventory in Motion' program.

(5) Inland Waterway. An examination of available information

indicates that the 8- by 8- by 20-foot, 44,800-pound container
configuration is readily transportable via the primary inland
waterway systems of the world. This consideration does not
evaluate the impact of weather factors on the inland waterway

transportability question.
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(6) Handling Equipment.

(a) Movement of Containerized Ammunition. The proposed move-

ment of ammunition in 8- by 8- by 20-foot containers

is based on the use of commercial transportation carriers'
transport equipment and facilities for the major portion
of the movement. Specialized container handling equip-
ment is available at container ports. This equipment
includes overhead gantry or A-frame cranes capable of
lifting stuffed containers from shore to ship in a
2-1/2-minute cycle per container. Transfer vehicles

are available to more containers by side, top, or
straddle-lift from one point to another to effect
efficient container mode transfer. Marshalling or
holding-yard systems are established worldwide to stage
containers for sea lift or inland movement. However,

no ammunition port has a shore based system in being

capable of handling containers.

(b) Feasibility of Containerizing Ammunition. Project

TOCSA, conducted in December 1969 through January 1970,
pointed out that the transport of containerized ammuni-
tion was feasible. However, self-sustaining ships were
used. In fact, self-sustaining containerships had to

be used because no ammunition outport is equipped with
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shore-based container cranes nor is any oversea ammuni-
tion pier equipped with shore-based container cranes.

In addition, no military material handling equipment is
available to effectively 1lift or transfer loaded ammuni-
tion containers weighing 44,800 pounds (20 L/T). The
use of ISO standard external dimensions and corner fit-
tings increases the ability of the commercial carriers
to handle the ammunition containers and permits off-the-
shelf procurement of material handling equipment by the
military for use in handling ammunition containers where
required.

(7) Ammunition Plants and Forward ASP's. Many outloading facilities

at ammunition plants in CONUS are depressed rail loading docks
with a revetment parallel to the tracks. Boxcars on these
tracks are side-loaded with palletized ammunition by fork-
lifts. This system of outloading will require 8- by 8- by
20-foot ammunition containers to be delivered to the ammuni-
tion plants via rail and be accessible for loading through
either side via forklift. 1In addition, the container must

be inspected for transport via rail when loaded with any
class of ammunition. The unstuffing of ammunition containers
at forward ASP's is done under various conditions depending
on the type and amount cf material handling equipment avail-

able and the combat situation. Normally, the only material
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handling equipment available are rough terrain forklifts.
Side and rear access to the ammunition ccntainer will greatly
increase the ability of the forward ASP's to strip containers
with the material handling equipment and manpower locally
available

(8) sShip Lift Capacity. The present worldwide containership

fleet of over 260 vessels includes 53 vessels with an onboard
crane capacity of 20 L/T or more. Eighteen of these vessels
are not capable of carrying the 8- by 8- by 20-foot container
(Sealand, 35-foot container size only). This leaves 35
vessels capable cf stowing or discharging 8- by 8- by 20-foot
containers weighing 20 L/T. However, U.S. Coast Guard safety
practice requires that cranes lifting ammunition be rated 50
percent 1in excess of expected tonnage ro be lifted. Thus,
for a 20 L/T 1lifrt, the onboard crane must be rated at least
capable of lifting 30 L/T. The present -ontainership fleet
includes cnly 20 such ships. 1f the stowage configuration of
these self-sustaining ships requices srcwage of containers in
a 40-foot configuration, then the onboard crane must be rated
to lift 60 L/T. The present contalvnershbip fleec includes
only four vessels capable of lifting 60 1./T with ship's
cranes. The containership fleet under construction and planned
for construction includes only 14 self-sustaining vessels.

The basic reason for this 1s cost. (Initial cost of crane and
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operational and maintenance costs of crame compared to hours
used and loss of revenue to owner due to dead weight of
crane.) The dependence of a containerized ammunition trans-
portation system on shore-based cranes would severely restrict
the number of vessel discharge locations for ammunition ships.
No shore-based container cranes are known to exist at any
oversea ammunition discharge pier. Under normal conditions

no port will permit the discharge of ammunition (except

small arms) at general dry-cargo piers. Various conventional
shore-based cranes can be used to discharge container ships.
However, except for slow cycle floating cranes of 30 to 100
L/T capacity, no cranes capable of lifting 20 L/T containers
of ammunition are known to exist which could, with even mini-
mum effectiveness, discharge such containers. Loading of
non-self-sustaining containerships at CONUS ammunition ports
is also difficult since no shore-based container cranes

exist at the ammunition loading piers. The effective cycle of
a containership crane is 2.5 to 4 minutes per load/unload
container cycle.

(9) Ship Load Capacity. The present containership fleet includes

over 260 container vessels, which range from partial container-
ships capable of stowing 18 containers to full containerships
capable of stowing 1,300 containers. However, except for

partial containerships and some conventional ships converted
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to containerships, no full containership can transport

its listed container stowage capacity of fully stuffed
containers weighing 44,800 pounds or 20 L/T. The

average containership is designed to stow its full capacity
of containers averaging 13 L/T per container. This presents
the problem of ascertaining the actual capacity of each
containership to be utilized in the system in order to
compute the true cost saving of the ocean voyage segment

of the ammunition container movement system.* Appendix 12

is a list of containerships extracted from Janes Freight

Containers, 1969-1970, and The Container Ship Register,

published by A. S. Shipping Consultants, Fr. Masine Plass

6, Oslo 1, Norway. These ships range in loaded draft

from 17 to 31 feet, length from 222 feet to 675 feet, dead-

weight from 2,350 tons to 30,000 tons, and speed from 12.5

knots to 21 knots. In addition to the vessels listed in

Appendix 12 over 250 other container vessels are presently

under construction, 50 vessel conversions are on order and 80

vessels are in various stages of negotiation for construction.

c. Plan. Continue to monitor developments which might influence the

constraints imposed on the ammunition container design. As infor-
mation regarding such developments becomes available the constraint
data contained herein will be updated accordingly.

*Hull Design Department, Newport News Shipbuilding and Dry Dock Company,
source of full containership average container design tonnage.
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9. Safety.

a. The transportation of ammunition must conform to certain safety
standards prescribed by the Government regulatory agencies
including the DOD, DOT, and the USCG. Brief descriptions of
the most important regulations are contained in Appendix 13.

b. Compatibility requirements, explosive quantity/distance standards,
and other safety factors must, of necessity, limit the methods
by which ammunition is moved. Certain current regulatory limita-
tions, however, have a specific impact on the use of ammunition
containers. These safety constraints in their present form would
severely limit the efficiency and flexibility of any ammunition
contalner transportation system. Areas of particular significance
are considered to be the following:

(1) DOT regulations (Section 173.56 (c) and (c) (1)) require
approval by the Bureau of Explosives (Association of
Ammerican Railroads) of all loading, blocking, and bracing
methods used for rail and highway shipment of unboxed
(lcose or palletized) explosive projectiles, torpedoes,
mines or bombs--each exceeding 90 pounds in weight and 4-1/2
inches in diamerer.

(2) DOT regulations restrict the shipping of different types of

ammunition in the same container.
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(3) USCG ammunition compatibility requirements are applicable to
each hold of a ship. DOT compatibility requirements are
less restrictive in that they are applicable to each con-
tainer load only.

(4) USCG regulations (46 CFR, Part 146-29.11 (64)) limit the trans-
portation of military explosives and ammunition overwater in
containers (seavan type) to Coast Guard classes I and Il
with the exception of class II-J. Thus, the following major
categories of ammunition items could not be containerized:

(a) Chemical ammunition, TH incendiary, composition filled.

(b) Various types of fuzes, detonators and primers.

(c) Fixed and semifixed ammunition with explosive projectile.

(d) Various types of separate loading projectiles.

(e) Various types of large bombs.

(f) Chemical ammunition with lethal and nonlethal gases.

¢. It is apparent that the USCG regulations will require revision if

the full economic advantages of ammunition containerization are
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